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(54) Magnetic storage medium formed of nanoparticles 



(57) A magnetic storage medium is disclosed which 
is formed from a layer of substantially uniformly spaced- 
apart magnetic nanoparticles of substantially uniform di- 
ameter disposed upon a surface of a substrate, with a 
coating, preferably of abrasion-resistant material, ap- 
plied to adhere the nanoparticles to the substrate and 
to maintain their substantially uniform spaced-apart re- 
lationship. The nanoparticles are formed from a mag- 
netic material selected from the group consisting of el- 
ements Co, Fe, Ni, Mn, Sm, Nd, Pr, Pt, Gd, an interme- 
tallic compound of the aforesaid elements, a binary alloy 
of said elements, a ternary alloy of said elements, an 
oxide of Fe further comprising at least one of said ele- 
ments other than Fe, barium ferrite, and strontium fer- 
rite. 
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Description 

[0001] The present invention relates to a magnetic 
storage medium of very high information bit storage 
density. More particularly, the invention relates to a mag- 
netic storage medium utilizing magnetic nanoparticles 
to form a layer on a substrate. 

[0002] Patterning a substrate is critical to fabrication 
of integrated circuits and data storage media. The limi- 
tations of conventional lithographic patterning for di- 
mensions below 0.1 micron ( 100 nm.) are well known, 
and are described in "Lithography for ULSI" , by S. Oka- 
zaki, in a review paper (p. 18, vol. 2440 , Proceedings 
of SPIE ). Optical lithography with a light source in the 
deep ultra-violet ("DUV") is expected to serve in circuit 
and media fabrication for feature sizes down to about 
0.05 micron (50 nm), but not for smaller sizes. At 
present, there are no inexpensive methods for lateral 
patterning/texturing of solid substrates on a 1 to 50 nm 
scale, which is much smaller than the present litho- 
graphic feature size. 

[0003] DUV optical lithography is currently anticipated 
to be extended to lateral dimensions of —50 nm, but 
such extension is not certain and may be expensive. At 
dimensions below —50 nm X-ray lithography and Ex- 
treme UV lithography are being considered but both re- 
quire enormous capital investments (both for the radia- 
tion sources and the supporting optical systems). Direct 
write systems including electron beam and scanning 
probe based lithography are in development, but the se- 
rial nature of the pattering process makes these prohib- 
itively slow for manufacturing. Microcontact printing and 
nano-imprint lithography are new patterning techniques 
which hold some promise in and around 50 nm feature 
sizes but these methods are not well proven at the 
present. It would be desirable to have an inexpensive, 
large area, method for lateral patterning that does not 
require lithography, and that is suitable for feature sizes 
below 50 nm. 

[0004] In the case of magnetic storage media, for ex- 
ample tapes and disks having coatings of magnetic par- 
ticles thereon, a number of difficulties prevent attain- 
ment of high densities. For example, where the usual 
coatings of magnetic particles are applied on flexible 
media, wide variations in individual particle diameters 
raise the minimum information bit storage size, and thus 
decrease the attainable areal information bit storage 
density. In the case of conventional rigid magnetic stor- 
age media, sometimes called 'hard drive" disks, mag- 
netic films are often applied by sputter deposition. The 
resultant broad distribution of grain sizes and inter-gran- 
ular spacings creates both low effective areal bit densi- 
ties and undesirably low signal-to-noise ratios.. Even 
where magnitudes and uniformity of the diameters of the 
particles is acceptable, the strong magnetic interaction 
of the particles often causes significant increases in min- 
imum information bit storage size due to agglomeration 
of mutually magnetically attractive particles into clumps 



of particles, thereby decreasing attainable areal infor- 
mation storage bit density (e.g. as measured in bits per 
square inch). In fact, currently attainable areal informa- 
tion storage bit densities are about 10 gigabits per 

s square inch although some developers hope to achieve 
40 gigabits per square inch by the year 2010 A.D. 
[0005] Methods to make monodisperse magnetic par- 
ticles (cobalt, for example) with diameter in the 5-50 nm 
range have been described by Murray et al in European 

10 patent application (Attorney Docket Y09-98-169), filed 
simultaneously herewith. Specifically, this Murray et al 
patent application describes formation of magnetic co- 
balt (Co) particles with mean diameter D, where D = 8 
to 10 nm., and with a standard deviation in the size dis- 

15 tribution of 5 %. 

[0006] Methods for self-assembly of 40 - 70 nm. par- 
ticles made of latex or other polymer are described by 
Micheletto et al in Langmuir, 1995, v. 11, p 333 and by 
Du et al in Langmuir, 1997, v. 11, p. 2538. A general 

20 method to form a thin film of small particles is described 
by Nagayama in US Patent No. 5 . 505, 996. Moreover, 
formation of ordered arrays of 5-10 nm size semicon- 
ductor particles is described by Murray et al in Science, 
1 995, v. 270, p. 1 335 and by Dabbousi et al in Chemistry 

25 of Materials, 1994, v.6, p.216. None of the prior art ref- 
erences teach magnetic storage media nor methods of 
making ordered arrays from particles that have strong 
magnetic interactions which cause agglomeration and 
other problems. 

30 [0007] It is a general object of the present invention 
to make a highly ordered, periodic, array in the form a 
layer (whether a monolayer or a multilayer) of magnetic 
particles having diameters not exceeding 50 nm, and to 
stabilize said array on a substrate surface, despite the 

35 strong tendency of such magnetic particles to agglom- 
erate together due to magnetic interaction and thus pre- 
vent the formation of such an ordered layer. 
[0008] It is another general object of the present in- 
vention to control the spacing (separation distance) be- 

40 tween the nm-scale magnetic particles comprising said 
array, with the spacing on the order 1 -1 0 nm. 
[0009] It is a specific purpose of the present invention 
to use magnetic particles of a selected magnetic mate- 
rial in said array, to overcoat the magnetic particle array 

45 with a robust protective film, and hence to make a mag- 
netic storage medium having an areal bit density ex- 
ceeding 100 gigabits per square inch and even ap- 
proaching as high as 1012 bits (1 Tbit) per square inch. 
[0010] It is a further object of the present invention to 

so use simple chemical self-assembly procedures (not li- 
thography or contact printing) to make the aforesaid or- 
dered arrays of nm-scale particles on the surface of a 
substrate. 

[0011] The present invention therefore provides a 
55 magnetic storage medium as claimed in claim 1 . 

[0012] According to one embodiment, the medium in- 
cludes a layer which comprises a multilayer formed of 
substantially equally spaced-apart particles disposed at 



2 



3 



EP0 977 182 A2 



4 



a plurality of distances from the surface of the substrate. 
In one specific exemplary form, a multilayer comprises 
a first monolayer of particles having the claimed coating 
to maintain them in spaced-apart relationship and a sec- 
ond monolayer of particles disposed over the claimed 
coating. 

[0013] According to another embodiment, an affinity 
layer may be disposed between the magnetic particles 
and in a selected pattern over at least part of the surface 
of the substrate, the affinity layer being composed of an 
affinity material adapted to preferentially attract and re- 
tain said particles in the aforesaid selected pattern over 
the substrate surface. Such an affinity material may 
comprise bi-functional molecules which can be ex- 
pressed generally in the form X-R-Y where X and Y are 
the active head groups and R is a hydrocarbon or fluor- 
ocarbon chain preferably containing 3-22 carbon atoms. 
[0014] In a given affinity molecule the chemical func- 
tional groups X and Y may be the same although they 
are generally not, because the substrate surface and the 
nanoparticle surface are generally comprised of differ- 
ent materials. 

[0015] One example of an affinity layer is trismethox- 
ysilylpropane thiol, which may be expressed as (CH30) 
3Si-CH2-CH2-CH2-SH, which selectively binds noble 
metal coated nanocrystals to silicon oxide surfaces. 
[0016] For the purpose of the present application, 
■substantially uniform diameter" shall be understood to 
mean that the magnetic particles have diameters char- 
acterized by a standard deviation of less than 10% of 
their average. 

[0017] The present invention also provides a method 
of forming a magnetic storage medium according to 
claim 13. 

[0018] Embodiments of the invention will now be de- 
scribed with reference to the accompanying drawings, 
in which: 

[0019] Figure 1 is a transmission electron micrograph 
(TEM) photo of an ordered monolayer of Co particles, 
each black dot being a single 8 nm. diameter Co particle, 
with an inset showing an electron diffraction pattern from 
the ordered monolayer (not only from a single particle). 
[0020] Figure 2 shows the general steps of a fabrica- 
tion method for forming a magnetic storage medium of 
the present invention on a substrate. 
[0021] Figure 3 shows a plan view of the magnetic 
storage medium of Figure 2. 

[0022] Figure 4 is a sectional view of a magnetic stor- 
age medium based on a multilayer of monodisperse nm- 
scale Co particles. 

[0023] Figure 5 is a sectional view of an alternative 
magnetic storage medium based on two ordered mon- 
olayers of monodisperse nm-scale Co particles. 
[0024] Figure 6 is a transmission electron micrograph 
(TEM) photo of an ordered multilayer of Co particles of 
Figure 4, each black dot being a single 8 nm. diameter 
Co particle. 

[0025] Figure 1 is a transmission electron micrograph 



(TEM) photo of an ordered monolayer of cobalt parti- 
cles, with each black dot being a single 8 nm diameter 
particle. The dots are regularly separated by the organic 
stabilizer layer, which appears as the lighter region be- 
5 tween the particles. The TEM was recorded at 120 KV 
electron beam energy on a Philips EM 420 microscope. 
[0026] Figure 2 shows the general fabrication method 
to form the magnetic storage medium of the present in- 
vention: creating a periodic array or layer 4 of nm-scale 
io magnetic particles 1 on a substrate 5, and then stabiliz- 
ing the particles 1 in their positions within layer 4 . 
[0027] First, a monodisperse sample of ferromagnetic 
particles 1 with diameter of the order 5-20 nm ("nano- 
particles") is made according to the methods of the 
75 aforesaid patent application of Murray and Sun. The 
particles 1 consist of an inorganic core 2, surrounded by 
an organic stabilizing layer 3. By correct choice of the 
organic stabilizing layer 3, the particles 1 are soluble in 
a hydrocarbon solvent such as dodecane. A bottle con- 
taining dodecane and the aforesaid ferromagnetic par- 
ticles 1 dissolved in the dodecane is prepared according 
to the methods described in the aforesaid Murray et al 
application. As aconvenient example, the concentration 
of said particles 1 can be approximately 0.1 grams of 
25 particles in 0.01 litre of dodecane. 

[0028] The magnetic nanoparticles utilized in this in- 
vention comprise a magnetic material selected from the 
group consisting of elements Co, Fe, Ni : Mn, Sm, Nd, 
Pr, Pt, Gd : an intermetallic compound of the aforesaid 
30 elements, a binary alloy of said elements, a ternary alloy 
of said elements, an oxide of Fe further comprising at 
least one of said elements other than Fe, barium ferrite, 
and strontium ferrite. 

[0029] Optionally, the particles may be a CoPt alloy 

35 (ConPt with n=1, 3 or 0.33) with CoPt (n=1) being the 
easiest to fabricate, the compositions of said alloys be- 
ing uniform throughout the nanoparticle. Optionally, 
each particle 1 has a 2 layer structure consisting of a 
ferromagnetic core (Co, Fe, Ni) surrounded by a noble 

^0 metal layer ("shell" of Pt, Au, Ag, Pd). Such a noble met- 
al shell protects the magnetic core against oxidation, 
and is also useful in forming covalent links between the 
particles 1 and the surface of substrate 5. The preferred 
substrate is a Si wafer, or a glass substrate, with the 

^5 requirement that the surface is flat. Ideally, the rms 
roughness of the substrate should be similar to the par- 
ticle diameter, hereinafter called B D". 
[0030] The diameter D of the magnetic nanoparticles 
1 of this invention is preferably 5-15 nm. An important 

50 feature of the present invention is that optimum ordered, 
periodic formation of monolayer 4 is best achieved when 
the particles 1 have a substantially uniform diameter— 
when the size distribution of the nanoparticles is narrow. 
In particular, it is desired that the standard deviation of 

55 the distribution of particle diameters be < 1 0 %, with 7% 
or smaller being preferred. For example the monolayer 
depicted in Figure 1 consists of Co particles with a 5% 
size distribution. It is desirable that the distribution of 
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particle diameters be < 10%. It is preferred that the dis- 
tribution be 7 % (or less), while this narrow size distri- 
bution is optimum, broader size distributions and mon- 
olayer arrays with imperfect ordering may also be 
formed in accordance with the present invention. 
[0031] As shown in Figure 2, the particles 1 comprise 
the inorganic, magnetic core 2 described above, and are 
surrounded with an organic stabilizer layer 3 having an 
effective thickness of about 1 - 5 nm : with 2 - 4 nm being 
preferred. Suitable molecules for this organic stabilizer 
layer 3 include long chain organic compounds of the 
form R-X, where R is a member selected from the group 
consisting of 1) a hydrocarbon chain in straight or 
branched formation, said hydrocarbon chain comprising 
6 to 22 carbon atoms, and 2) a fluorocarbon chain in 
straight or branched formation, said fluorocarbon chain 
comprising 6 to 22 carbon atoms , and where X is se- 
lected from carboxylic acid, phosphonic acid, phosphin- 
ic acid, sulfonic acid, sulfinic acid.and thiol. The effective 
thickness of the aforesaid organic stabilizer layer 3 may 
be adjusted by changing the carbon chain length, with 
Oleic Acid having an 18 carbon chain being an inexpen- 
sive and convenient example ( 2 nm effective thick- 
ness). 

[0032] An ordered layer 4 of the nanoparticles 1 is 
formed as a monolayer on the substrate 5 by any suit- 
able method. For example, slow evaporation of the sol- 
vent from a film of uniform thickness as described in 
Murray et al, Science, 1995, v 270, p. 1335, may be 
used The dodecane or other suitable solvent is re- 
moved by air drying, or heating in an oven to about 40°C 
(or slightly higher temperature). The ordered array of the 
present invention forms as the solvent is slowly 
removed , and a driving force to form said array is an 
attractive force between the Oleic acid organic stabilizer 
layer 3 of mutually adjacent Co particles 1. Several 
methods may be used to coat a film of uniform thickness 
of the liquid dispersion containing both particles and sol- 
vent, including but not limited to dip coating, spin coat- 
ing, and coating using a blade moved at controlled 
speed parallel to the substrate surface. 
[0033] Alternatively, the Langmuir-Blodgett assembly 
method as described in M.C. Petty, "Langmuir-Blodgett 
Films, an Introduction", copyright 1996 by Cambridge 
Univ. Press, NY. ISBN # 0 521 41396 6, may be used to 
form the ordered monolayer of particles. 
[0034] Note that wet chemical processing is used up 
to this point, and that dry, vacuum based processing is 
used subsequent to this point. The sample is placed in 
a plasma enhanced chemical vapor deposition (PE 
C VD) tool, or similar plasma reactor. The organic stabi- 
lizer coating 3 may now be removed if desired ( see Step 
1 , Figure 2 ). Suitable methods for Step 1 are heating in 
vacuum, exposure to UV light, and exposure to an oxy- 
gen plasma. (If the latter method is used, a hydrogen 
plasma exposure is used to remove any oxide from the 
layer 4 of magnetic nanoparticles 1 .) . Alternatively, the 
aforesaid organic stabilizer coating 3 may be left in 



place. 

[0035] Before disturbing the ordered layer array 4, 
and before permitting any repositioning of the nm-scale 
particles, a protective coating 7 may now be deposited 
5 in the encapsulation step ( see Step 2, Figure 2 ), to hold 
the nanoparticle 1 of monolayer 4 in place and to protect 
layer 4. The coating 7 must be hard and adherent to the 
substrate 5. Suitable materials for the protective over- 
coating 7 include diamond like carbon (DLC), amor- 
io phous C or Si, and oxides such as aluminum oxide or 
Si oxide. The preferred material for coating 7 is diamond 
like carbon (DLC), deposited by heating the substrate 5 
to about 100 to 300°C, and exposing the sample to a 
hexane plasma (or similar carbon source molecule). 
is The preferred thickness for coating 7 is at least 10 nm. 
and may conveniently be 20 to 50 nm in thickness. It will 
be understood that the coating 7 may be deposited by 
any suitable method known to those skilled in the art. 
For example, some methods utilize a plasma enhanced 
20 chemical vapor deposition (PE CVD) tool, or a reactive 
sputtering tool. Moreover, it may be convenient to de- 
posit the coating 7 in the same chamber or tool that may 
have been used to remove the organic stabilizer layer 
3 from the particles 1 . 
25 [0036] Figure 3 shows a plan view of the preferred 
embodiment of this invention, after Step 1 of Figure 2 
(the protective overcoating 7 is not shown ). The pre- 
ferred spacing B between bits in the form of nanoparti- 
cles 1 is about 12 nm. in this example : the preferred di- 
sc ameter (D) of each Co nanoparticle bit is 8 nm, and the 
preferred distance between particles (E) is about 4 nm. 
( The distance E is 2 X the effective thickness of the 
organic coat, before removal of said coat. See Figure 
2A.) The resulting information density using 1 magnetic 
35 particle / bit, is 6 x 1012 (6 Tbit) per square inch. By 
contrast, current technology using magnetic thin films 
rather than magnetic nm-scale particles provides a den- 
sity on the order of 1 09 to 1 01 0 (1 to 1 0 Gbit) per square 
inch. 

40 [0037] The foregoing embodiments efficiently use or- 
dered arrays of nm-scale particles, specifically magnetic 
particles ordered in a single layer. As will be understood, 
alternative embodiment of the ordered arrays of the 
present invention may use multiple layers of such nm- 

4S scale particles. Magnetic recording media based on 
multiple layers of magnetic particles are especially use- 
ful when multiple-valued recording schemes are used, 
wherein each magnetic recording bit can be assigned > 
2 values, for example 3 or 4 values, and a greater infor- 

so mation storage density is thus achieved. The magnetic 
recording media shown in Figures 4 and 5 are useful for 
the simple case of the 3 value recording scheme, where- 
in 3 magnetic states of each bit are defined and the 3 
magnetic states are all particles with parallel magnetic 

ss moments in the UP direction, all particles with parallel 
magnetic moments in the DOWN direction, andi parti- 
cles spin UP +j particles spin DOWN. The multilayer of 
particles simply places more magnetic particles per unit 
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area than the ordered monolayer, which results In a larg- 
er magnetization signal for a given bit area. 
[0038] Figure 4 is a section view of a magnetic record- 
ing medium based on a multilayer 4A of monodisperse 
nm-scale Co particles 1. As shown in Figure 4, the re- 
cording medium consists of a substrate 5, an undercoat 
6 (coating on the substrate), a multilayer 4A of close 
packed nm-scale particles 1 , and a protective overcoat 
7. The substrate 5 may be either rigid (such as glass, or 
a Si wafer) or flexible, such as a polymeric plastic disc. 
An undercoat 6, which is applied to the substrate 5 to 
promote ordered multilayer formation and enables the 
formation of chemical links between particles 1 and sub- 
strate 5, may preferably comprise an affinity material 
comprising bi- functional molecules of the form X-R-Y, 
wherein R is selected from hydrocarbon and fluorocar- 
bon chains of between 3 and 22 carbon atoms, and X 
and Y are selected from: 



sulfonic acids 


R-S020H 


sulfinic acids 


R-SOOH 


phosphinic acids 


R2POOH 


phosphonic acids 


R-OPO(OH)2 


carboxylic acids 


R-COOH 


thiols 


R-SH 


trismethoxysilane 


R-Si(OCH3)3 


trisethoxysilane 


R-Si(OCH2CH3)3 


trichlorosilane 


R-SiCI3 



[0039] The multilayer 4A is preferably formed on un- 
dercoat 6 by evaporation of a solvent from a film of uni- 
form thickness, said film being a solution of the nm-scale 
particles in a solvent such as dodecane. 
[0040] The nm-scale particles 1 in Figure 4 may pref- 
erably have a chemical composition and size distribu- 
tion as described above in reference to Figure 2. Broad- 
ly, the magnetic material should be selected from the 
group consisting of elements Co, Fe, Ni, Mn, Sm, Nd, 
Pr, Pt, Gd, an intermetallic compound of the aforesaid 
elements, a binary alloy of said elements, a ternary alloy 
of said elements, an oxide of Fe further comprising at 
least one of said elements other than Fe, barium ferrite, 
and strontium ferrite. More particularly, the particles may 
preferably be composed of a ferromagnetic transition 
metal ( Co, Fe or Ni ), or are binary alloys of Co, Fe and 
Ni, or ternary alloys of these elements. Optionally, the 
particles may be a CoPt alloy (ConPt with n=1 , 3 or 0.33) 
with CoPt (n=1) being the easiest to fabricate, the com- 
positions of said alloys being uniform throughout the na- 
noparticle. Optionally, each particle has a 2 layer struc- 
ture consisting of a ferromagnetic core (Co, Fe, Ni) sur- 
rounded by a noble metal layer ("shell'* of Pt, Au, Ag, 
Pd). The diameter of the particles should be 5 - 1 5 nm, 
and the standard deviation of the distribution of the par- 
ticle diameters should preferably be < 7%, with 5 % (or 
less) being most preferred. 
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[0041] Figure 5 is a section view of an alternative 
magnetic recording medium that consists of 2 layers of 
ordered monodisperse nm-scale Co particles 1 , with a 
protective coating 7B deposited between layers 4B and 
4C of nm-scale particles 1 . As shown in Figure 5, the 
recording medium comprises a substrate 5, an under- 
coat 6 on the substrate (preferably but not necessarily 
of affinity material as described hereinabove), a first lay- 
er 4B of nm-scale particles 1 (an ordered array as in 
Figure 3), a first protective coating layer 7B, a second 
layer 4C of nm-scale particles 1 (another ordered array 
as in Figure 3), and a second protective coating layer 
7C. The substrate 5 may be either rigid (such as glass, 
or a Si wafer) or flexible, such as a polymeric plastic 
disc. A coating 6 ("undercoat") is applied to the substrate 
to promote ordered multilayer formation. The thickness 
of the first overcoating 7B may be adjusted to change 
the interaction of the first ordered monolayer 4B with the 
second monolayer 4C. 

[0042] Optionally the structure of Figure 6A may con- 
tinue with more layers, as will be readily understood. 
[0043] Figure 6 is a transmission electron micrograph 
(TEM) photo of an ordered multilayer of Co particles of 
Figure 4, each black dot being a single 8 nm. diameter 
Co particle. The top-most layer appears black, and a 
missing Co particle is highlighted by the while arrow (this 
is a defect in the ordered multilayer array). The second 
layer down appears as gray dots. The multilayer 4A of 
Figure 4 is formed by solvent evaporation from a solu- 
tion of the same particles described above in reference 
to Figure 2, which depicts formation of an ordered mon- 
olayer), but in the multilayer case a higher temperature 
may preferably be used to increase the particle mobility 
and to remove solvent at a faster rate. For example, the 
multilayer whose TEM photo is shown in Figure 6 was 
prepared at 60° C. 

[0044] As noted herein, the "undercoat" layer 6 on the 
substrate 5 may comprise an affinity material which en- 
ables the formation of chemical links between the par- 
ticles 1 and the substrate 5. Such an affinity material 
comprises bi-functional molecules of the form X-R-Y, 
wherein R is selected from hydrocarbon and fluorocar- 
bon chains of between 3 and 22 carbon atoms, and X 
and Y are selected from: 



sulfonic acids 


R-S02OH 


sulfinic acids 


R-SOOH 


phosphinic acids 


R2POOH 


phosphonic acids 


R-OPO(OH)2 


carboxylic acids 


R-COOH 


thiols 


R-SH 


trismethoxysilane 


R-Si(OCH3)3 


trisethoxysilane 


R-Si(OCH2CH3)3 


trichlorosilane 


R-SICI3 



[0045] Preferably, at one end of the bi-functional mol- 
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ecule there is a tri-alkoxysilane group (trimethoxy- and 
triethoxy- silanes being preferred), which will link cova- 
lently to Si02 and metal oxide surfaces. A glass sub- 
strate, or Si wafer coated with Si02, or a metal oxide 
coating on the substrate is preferably used. Preferably, 
at the other end of the bifunctional molecule there is a 
carboxylic acid, phosphonic acid, phosphinic acid, sui- 
phonic acid, sulphinic acid, or thiol group. In the cases 
of carboxylic acid and thiol, these groups form strong 
carboxilate or thiolate linkages, respectively, with a met- 
al nm-scale particle or with a noble metal (gold, silver, 
platinum or palladium) coating on the particle. Between 
the two ends there is a hydrocarbon chain. 
[0046] A general method to locally modify the proper- 
ties of different regions of the substrate is depicted in 
Figure 7. Figure 7 shows a method of the present inven- 
tion, and by this method it is possible to create an or- 
dered monolayer of nm-scale particles in selected re- 
gions of a substrate surface, while leaving the remaining 
regions of the surface free of said particles. According 
to this method, selected regions of the substrate 5 can 
be made with customized properties by selective place- 
ment of ordered arrays (layers 4) of nm-scale particles 
1 . To accomplish selective placement of particles 1 , the 
undercoat layer 6 on the substrate comprises an affinity 
material (enabling the formation of chemical links be- 
tween the particles 1 and the substrate 5 ), and the un- 
dercoat layer 6 (affinity coating) is patterned as shown 
in Step A of Figure 7 using standard lithographic meth- 
ods The pattern of the affinity coating may have any 
shape, either geometric or an arbitrary shape, as shown 
in Fig 7 

[0047] After patterning the affinity layer 6 as in Step 
A of Fig 7, the ordered monolayer array of nm-scale 
particles is formed by the methods described above in 
reference to Figure 2. The result of the fabrication proc- 
ess with a patterned affinity coating is Step B of Figure 
7, where ordered layers 4 of nm-scale particles 1 are 
then formed only in the selected regions covered with 
affinity coating 6. The selected regions then have the 
properties of the nm-scale particle layer 4. The remain- 
ing regions without the affinity coating maintain the prop- 
erties of the original surface of substrate 5. 



Claims 

1. A magnetic storage medium comprising : 

a) a substrate having a surface, 

b) a layer of particles disposed in a substantially 
uniformly spaced-apart relationship upon said 
surface, said particles having a substantially 
uniform diameter not exceeding 50 nanome- 
ters, said particles comprising a magnetic ma- 
terial selected from the group consisting of el- 
ements Co, Fe, Ni; Mn, Sm, Nd, Pr, Pt, Gd, an 



intermetallic compound of the aforesaid ele- 
ments, a binary alloy of said elements, a ternary 
alloy of said elements, an oxide of Fe further 
comprising at least one of said elements other 
than Fe, barium ferrite, and strontium ferrite, 
and 

c) a coating surrounding said particles and ad- 
hering to said surface to maintain said substan- 
tially equally spaced-apart relationship. 

2. A magnetic storage medium as set forth in Claim 1 , 
said magnetic storage medium comprising an abra- 
sion-resistant coating disposed over said particles 
to protect them from abrasion. 

3. A magnetic storage medium as set forth in Claim 1 , 
said particles being coated with a noble metal ma- 
terial selected from the group consisting of gold, sil- 
ver, platinum, and palladium. 

A magnetic storage medium as set forth in Claim 2, 
said abrasion-resistant coating comprising a mate- 
rial selected from the group consisting of diamond- 
like-carbon, amorphous carbon, amorphous silicon, 
aluminum oxide, and silicon oxide. 

A magnetic storage medium as set forth in Claim 4, 
said particles having a diameter not exceeding 20 
nanometers 

A magnetic storage medium as set forth in Claim 1 , 
said layer comprising a multilayer formed of sub- 
stantially equally spaced-apart particles disposed 
at a plurality of distances from said surface of said 
substrate. 

A magnetic storage medium as set forth in Claim 1 
or 6 and comprising an affinity layer disposed be- 
tween said layer of particles and in a selected pat- 
tern over at least part of said surface of said sub- 
strate, said affinity layer comprising an affinity ma- 
terial adapted to preferentially attract and retain 
said particles in said selected pattern over said sur- 
face. 

A magnetic storage medium as set forth in Claim 1 
or 6 and further comprising an affinity layer dis- 
posed between said layer of particles and in a se- 
lected pattern over at least part of said surface, said 
affinity layer comprising bi-functional molecules of 
the form X-R-Y wherein R is selected from hydro- 
carbon and fluorocarbon chains of between 3 and 
22 carbon atoms, and X and Y are selected from: 



sulfonic acids 


R-S020H 


sulfinic acids 


R-SOOH 
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(continued) 



phosphinic acids 


R2POOH 


phosphonic acids 


R-OPO(OH)2 


carboxylic acids 


R-COOH | 


thiols 


R-SH 


trismethoxysilane 


R-Si(OCH3)3 


trisethoxysilane 


R-Si(OCH2CH3)3 


trichlorosilane 


R-SiCI3 



10 



9. A magnetic storage medium as set forth in Claim 8, 
wherein said surface of said substrate is silicon di- 
oxide, said particles are coated with a noble metal 
selected from the group consisting of gold, silver, 
platinum, and palladium, and wherein said affinity 
material comprises trismethoxysilylpropane thiol, 
having a formula of (CH30)3Si-CH2-CH2-CH2-SH. 

10. A magnetic storage medium as set forth in Claim 1 , 
said layer comprising a monolayer of said particles. 

11. A magnetic storage medium as set forth in Claim 1 , 
the said particles having diameters characterized 
by a standard deviation of less than 10% of their 
average. 

12. A magnetic storage medium as set forth in Claim 
10, said layer further comprising a second monol- 
ayer of said particles disposed over said coating. 

13. A method of forming a magnetic storage medium 
upon a surface of a substrate comprising the steps 
of: 

a) preparing a liquid dispersion, in a solvent, of 
magnetic particles coated with organic stabiliz- 
er material, said magnetic particles having a 
substantially uniform diameter not exceeding 
50 nanometers, said particles comprising a 
magnetic material selected from the group con- 
sisting of elements Co, Fe, Ni, Mn, Sm, Nd, Pr, 
Pt, Gd, an intermetallic compound of the afore- 
said elements, a binary alloy of said elements, 
a ternary alloy of said elements, an oxide of Fe 
further comprising at least one of said elements 
other than Fe, barium ferrite, and strontium fer- 
rite, 



ganic stabilizer material. 

14. A method as set forth in Claim 13, comprising the 
further steps of: 

d) removing said organic stabilizer material, 
and 

e) depositing an adherent coating over said 
particles to maintain them in said substantially 
uniformly spaced-apart relationship. 



15. A method as set forth in Claim 14, wherein step (d) 
of removing said organic stabilizer material is car- 
is ried out using at least one of heating, dry etching, 
and vacuum. 
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A method as set forth in Claim 1 3, said organic sta- 
bilizer material comprising a long chain organic 
compound of the form R-X, where R is a member 
selected from the group consisting of 1 ) a hydrocar- 
bon chain in straight or branched formation, said hy- 
drocarbon chain comprising 6 to 22 carbon atoms, 
and 2) a fluorocarbon chain in straight or branched 
formation, said fluorocarbon chain comprising 6 to 
22 carbon atoms , and where X is selected from car- 
boxylic acid, phosphonic acid, phosphinic acid, sul- 
fonic acid, sulfinic acid, and thiol. 



17. A method as set forth in Claim 13, where said or- 
ganic stabilizer material comprises oleic acid. 



b) applying said liquid dispersion to said sur- 
face of said substrate, and 

c) evaporating said solvent to thereby form, up- 
on said surface of said substrate, a layer of said 
magnetic particles coated with said organic sta- 
bilizer material, said magnetic particles being 
maintained in substantially uniformly spaced- 
apart relationship upon said surface by said or- 



so 



55 



7 



EP 0 977 182 A2 




Fig. 1 



8 



EP0 977 182 A2 




EP 0 977 182 A2 




EP 0 977 182 A2 





BNSDOCID:<EP . „ 09771 B2A2 i > 



11 



EP 0 977 182 A2 




12 



EP 0 977 182 A2 




THIS PAGE BLANK (uspto) 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(n) EP 0 977 182 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

28.06.2000 Bulletin 2000/26 

(43) Date of publication A2: 

02.02.2000 Bulletin 2000705 

(21) Application number: 99305758.7 

(22) Date of filing: 21.07.1999 



(51) Intci7: G11B 5/62, G11B5/70, 
G11B 5/72 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 31.07.1998 US 127453 

(71) Applicant: International Business Machines 
Corporation 

Armonk, NY 10504 (US) 

(72) Inventors: 

• Black, Charles T., IBM United Kingdom Ltd. 
Winchester, Hampshire S021 2JN (GB) 



• Gates, Stephen M., IBM United Kingdom Ltd. 
Winchester, Hampshire S021 2JN (GB) 

• Murray, Christopher B., 
IBM United Kingdom Ltd. 
Winchester, Hampshire S021 2JN (GB) 

• Sun, Shouheng, IBM United Kingdom Ltd. 
Winchester, Hampshire S021 2JN (GB) 

(74) Representative: Boyce, Conor 
IBM United Kingdom Limited, 
Intellectual Property Law, 
Hursley Park 

Winchester, Hampshire S021 2JN (GB) 



(54) Magnetic storage medium formed of nanoparticles 

(57) A magnetic storage medium is disclosed which 
is formed from a layer of substantially uniformly spaced- 
apart magnetic nanoparticles of substantially uniform di- 
ameter disposed upon a surface of a substrate, with a 
coating, preferably of abrasion-resistant material, ap- 
plied to adhere the nanoparticles to the substrate and 
to maintain their substantially uniform spaced-apart re- 
lationship. The nanoparticles are formed from a mag- 
netic material selected from the group consisting of el- 
ements Co, Fe, Ni, Mn, Sm, Nd, Pr, Pt, Gd, an interme- 
tallic compound of the aforesaid elements, a binary alloy 
of said elements, a ternary alloy of said elements, an 
oxide of Fe further comprising at least one of said ele- 
ments other than Fe, barium ferrrte, and strontium fer- 
rite. 




STEP 1 



£ 1 

Q &> Q Q Q q n o - — 4 



STEP 2 




Q Q Q Q O n 



Fig. 2 



PrWedby Jouvo. 75001 PARIS (FH) 



EP0 977 182 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nuntbar 

EP 99 30 5758 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION 0nt.CL7) 



Y 
A 



A 
A 



US 5 766 764 A (MILLER ROBERT J ET AL) 
16 June 1998 (1998-06-16) 

* column 2, line 3 - line 5 * 

* column 3, line 14 - line 20; claims 1,10 

RESPAUD M ET AL: "SURFACE EFFECTS ON THE 
MAGNETIC PROPERTIES OF ULTRAFINE COBALT 
PARTICLES" 

PHYSICAL REVIEW, B. CONDENSED 

MATTER, US, AMERICAN INSTITUTE OF PHYSICS. 

NEW YORK, 

vol. 57, no. 5, 

1 February 1998 (1998-02-01), pages 
2925-2935, XP000769620 
ISSN: 0163-1829 

* page 2925, column 2, paragraph 3 - page 
2927, column 1, paragraph 2 * 

LESLIE-PELECKZ D L ET AL: 
"SELF-STABILIZED MAGNETIC COLLOIDS: 
ULTRAFINE CO PARTICLES IN POLYMERS" 
JOURNAL OF APPLIED PHYSICS, US, AMERICAN 
INSTITUTE OF PHYSICS. NEW YORK, 
vol. 79, no. 8, PART 02A, 
15 April 1996 (1996-04-15), pages 
5312-5314, XP000695758 
ISSN: 0021-8979 

* page 5312, column 1, paragraph 4 - 
column 2, paragraph 2 * 



G11B5/62 
G11B5/70 
G11B5/72 



2,4,13 



1,13-15 



TECHNICAL FIELDS 

(lm.CL7) 



G11B 
H01F 



The present search report has been drawn up for all claims 



THE HAGUE 



9 May 2000 



Decanniere, L 



CATEGORY OF CITED DOCUMENTS 

X : particularty relevant if taken alone 

Y : particularty relevant if combined wfth another 

document of the same category 
A : technological background 
O : non-written dacioaure 
P :■ 



T : theory or principle underlying the invention 
E : earfer patent document, but published on, or 

after the fling date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent famly, correspond r>g 



EP 0 977 182 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 5758 



This annex lists the patent famly members relating to the patent documents cited in the ahmm amtimnn c. «~ 

The members are as contained in the European Patent Or^EDPOe^? above-mentioned European search report 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

09-05-2000 



Patent document 
cited in search report 


Publication 
| date 


Patent f amity 
members) 


Publication 
date 


US 5766764 A 


16-06-1998 


NONE 





For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



THIS PAGE BLANK (usptoj 



